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Abstract
There exists the threshold-sensitive dynamical transition between the uniform and the periodic
growth modes in the domain growth of ascorbic acid crystals from its aqueous supersaturated
solution film. The crystal growth induces the solution flow. Humidity controls the fluidity of the
solution. The solution flow varies the film thickness. The threshold exists in the thickness of the
solution film, and the crystal growth almost stops if the thickness becomes lower than the threshold.
Keywords: humidity, hydrodynamics, threshold, fluidization, domain pattern, self-similarity, syn-
chronization, ascorbic acid, film thickness, collision
1 Introduction
Periodic growth from a point source causes concentric ring patterns, although their growth mech-
anisms are essentially different. They can be observed in a wide variety of systems such as Belousov-
Zhabotinsky reaction [1, 2], bacterial colony growth [3, 4], Liesegang precipitation [5, 6], and spherulite
growth from a polymeric solution [7, 8] or from a solution of an organic compound[9, 10, 11] including
ascorbic acid as one example.
For concentric ring pattern formation in crystal growth of ascorbic acid from its thin solution film,
there have been several experimental studies (from methanol solution[12, 13, 14, 15, 16] and from
aqueous solution[17, 18]). The findings in these experimental studies are summarized as follows. The
solution becomes a supersaturated state by solvent evaporation before starting crystal growth. Fluidity
of the supersaturated solution is quite low especially in a low humidity condition, so that the solution
is expressed as “glassy”[9], “amorphous”[14, 15], and “soft-solid”[17]. After that, ascorbic acid crystals
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begin to grow with nucleation. A domain occupied with the ascorbic acid crystals spreads in (2+1)
dimensions because of growth from the thin solution film. Namely, the domains can be considered
as a quasi two dimensional pattern with height. The interesting point is that growth mode of the
crystal domain changes depending on environmental humidity. With increase of humidity, the growth
mode changes as A:coexistence → B:uniform → C:periodic → D:branching. These changes result in
production of the different domain patterns. Figure 1 shows change of the domain patterns formed in
gradual increase of environmental humidity. Here, thickness of the supersaturated solution film can
be characterized by the average area density ρ [mg/cm2]. ρ is defined as the total amount of ascorbic
acid in the film divided by the film area. These findings are common in both cases of methanol and
aqueous solutions. So far, we have obtained the two morphology diagrams, which are (i) a function
of humidity and the average area density ρ [16], and (ii) a function of humidity and temperature [18].
The diagram (ii) is shown in Fig. 2.
Regarding the periodic growth, the following experimental results and theoretical explanations
were previously reported. In 1984, Iwamoto et al. presented a concentric ring pattern of ascorbic
acid crystal domain from its methanol solution, which was formed in a refrigerator [12]. However in
1996, Fukunaga pointed out that the concentric ring pattern found by Iwamoto et al. was an artifact,
since the periodic growth synchronized with the periodic temperature regulation in a refrigerator
[13]. Instead, Fukunaga found an essentially different type of periodic growth, now we are focusing
on. He also found various domain patterns, obtained in the uniform, periodic, and branching growth
modes, depending on humidity as described above. In 2002, Uesaka et al. suggested that the two
factors were important for the periodic growth found by Fukunaga [14, 15]: (1) a local fluidization
of “amorphous”-like solution in the vicinity of the domain growth front in crystallization, and (2)
existence of fine spacings between the crystals forming the domain. Based on these two factors, they
proposed the following scenario for the periodic growth. The solution in the vicinity of the growth
front became easy to flow by local fluidization, and it was absorbed into the fine spacings between
the crystals for their capillary force. Then, the fluidized solution vanished in front of the domain and
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the crystal growth stopped. However, the crystal growth was able to restart if there were some local
points where the solution was in contact with the crystals. Furthermore, they reported that the local
fluidization did not occur in the uniform growth [14]. They concluded that the difference between the
uniform and periodic growth modes was whether the local fluidization occurred or not.
In this paper, we report our results of further investigation on the dynamical properties and
humidity dependences of the domain front motion and solution flow in crystallization of ascorbic acid
with some reviews of the previous studies. Especially, we focus on the uniform and periodic growth
modes. The rest of this paper is organized as follows. In §2, our observation results are reported. In
order to grasp the essential features of the dynamical behaviors, we propose a simple toy model in §3.
Some related topics are discussed in §4. Summary and conclusion are given in §5.
2 Experiments
2.1 Setup
L(+)-ascorbic acid (cica-reagent, Kanto Chemical, Japan) was dissolved in purified water. The
solutions were spread uniformly on a glass plate which was precleaned by Cica Clean LX-III (Kanto
Chemical, Japan). The amount of ascorbic acid is specified by the average area density ρ [mg/cm2].
The glass plate with the solution was set horizontally under a constant humidity H [%] and a constant
temperature T [◦C]. The crystal growth occurred due to water evaporation. Measurements of H and
T were done by a hygrometer and a thermometer in a data logger system (Easy sense II, Narika,
Japan). In our experiment, T was fixed at a constant in the range from 25 ◦C to 30 ◦C. From Fig. 2,
it is found that the value of H at which the growth mode changes from uniform to periodic is almost
constant (≈ 60%) within this temperature range. The obtained domain patterns and their growth
fronts were observed by using a stereomicroscope (SZX-12, Olympus, Japan) and a phase contrast
microscope (CKX-41, Olympus, Japan). The height profile of the crystal domain was measured with
a laser microscope (VK-9710, Keyence, Japan). Domain pattern formation was recorded by a time
lapse recorded system with 30 frames per second (SVT-S960ES, Sony, Japan).
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2.2 Growth front motion
Figures 3-5 show (a) snapshots of a domain growth front and (b) its position on the axis as a
function of time in the uniform, periodic, and branching modes, respectively. In these figures, ρ and T
are fixed. The positive linear slopes in the panel (b) of each figure indicate that the fronts move at a
constant speed. From these figures, the values of speed in the uniform, periodic, and branching modes
are obtained as about 6.7 µm/s, 6.8 µm/s, and 6.3 µm/s, respectively. This result suggests that if ρ
and T are fixed then the front speed is almost constant when 50 % . H . 75 %, although the growth
mode changes. As shown in Fig. 4, the periodic mode consists of the advance and suspension periods
alternating regularly. This result is consistent with the previous reports[13, 14]. It is also found from
Fig. 5 that the branching mode also possesses the advance and suspension periods. However, unlike
the periodic mode, occurrence of the two periods becomes irregular (see the inlet of Fig. 5 (b)). The
frequency of such irregularity increased as H rose.
In our observation, with decrease of ρ, the pitch of concentric rings became narrower and the
suspension period became shorter (see Fig. 6 for reference). From this figure, the front speed in the
advance period is estimated as about 5.1 µm/s, which is slower than those in Figs. 3-5. Figure 7
shows a case where ρ is less than 0.1 mg/cm2. The domain front speed is found to be constant and is
estimated as 3.0 × 10−2 µm/s, which is about 1/100 of that in Fig. 3. Note that the condition of H
and T corresponds to the uniform growth mode as shown in Fig. 2, although ρ is different. In spite
of that, Fig. 7 shows that the obtained domain exhibits a dense branching pattern.
2.3 Height profile in the periodic growth
Here we show the height profile of concentric ring patterns obtained by the periodic growth. A
typical concentric ring pattern is shown in Fig. 8(a). The height profile measured along the dotted
arrow is plotted in the panel (b). The following features are confirmed. (i) The height periodically
varies in accordance with the pitch of the concentric rings. (ii) The peak heights are almost constant
except for the central region and for the first ring adjacent to the central. (The first ring is indicated
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by the arrows in the panel (b).) (iii) The height of the central region becomes higher. On the other
hand, the peak of the first ring becomes lower.
These observation results can be explained as follows. Crystallization brings about solution flow
directed to the crystal domain. And due to supply of the solute by the solution flow, the height of
the central region increases. On the other hand, thickness of the solution around the central region
becomes thin for the solution flow. Then, the peak height of the first ring becomes low. In an extreme
case, the circular domain is isolated from the solution and stops to grow as shown in Fig. 9; The ring
region without the solution is formed by the solution flow in crystallization.
2.4 Solution flow in crystallization: existence of threshold
In order to visualize solution flow in crystallization, we prepared aqueous solution of ascorbic acid
with latex beads of 1µm diameter. The motion of a bead showing the solution flow was observed
with the phase contrast microscope described in §2.1. Figure 10 shows the case of the uniform growth
mode. Positions of the growth front and the bead are plotted in the panel (b) as functions of time.
The bead motion shown in this figure suggests existence of the solution flow directed to the domain,
which occurs even about 60 µm distant from the domain front. We confirmed that the flow had a
tendency to become fast as H rose.
The case of the periodic growth mode is shown in Fig. 11. From the panel (b), the following
features can be confirmed for the bead motion and the domain front motion. Once the growth front
stops (at 0.9 sec in the panel (b)), the bead motion also gradually stops. And when the front moves
again (at 4.7 sec), the bead also moves. From this fact, it is concluded that the solution flow is induced
by the crystallization.
As a remarkable feature shown in Figs. 12 and 13, the “stop-and-go” motion of a bead was
frequently observed. When the bead and the growth front approach each other and their distance
becomes about 30 µm in this case, the bead motion stops. But the bead moves again when it is close
to the front at about 10 µm distance. This motion can be observed in both the uniform mode (Fig.
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12) with a high humidity (& 50 %) and the periodic mode (Fig. 13). Note that for the uniform growth
mode, this motion does not occur in a low humidity case as shown in Fig. 10. Then, it is considered
that the solution flow becomes strong and the solution film in the vicinity of the domain front becomes
thinner as humidity becomes higher. Furthermore, we confirmed that the occurrence frequency of this
“stop-and-go” motion became high as ρ decreased. It is suggested from this result that the thickness
of the solution film becomes thinner in the region between 10 and 30 µm distant from the growth front.
By considering the result shown in Fig. 7 in addition, existence of the threshold thickness for domain
growth is suggested; Below the threshold, supply of the solution to the domain growth front almost
stops. Furthermore, it is found from the panel (c) of Figs. 12 and 13 that the bead within 10 µm
distant from the growth front moves faster and irregularly so that the motion is not always directed
to the front, but there are some cases where the bead moves along the periphery of the domain front.
This fact suggests that the fluidity of the solution within 10 µm from the domain front becomes high.
Existence of this high fluidity region is consistent with the local fluidization reported by Uesaka et
al.[14, 15]. Note that this “stop-and-go” motion of the bead is caused by the thickness threshold and
is essentially different from the bead motion synchronized with the periodic growth shown in Fig. 11.
2.5 Collision of domain fronts: self-similarity, synchronization, and threshold sen-
sitivity
Figure 14 shows the boundary of two domains spreading in the direction of the white arrows. The
panel (b) in this figure shows the height profile measured along the dotted line in (a). It is found from
this figure that the peak height and the pitch of the domain in the periodic growth decrease as the
two domains approach. Considering that the peak height is given as a monotonic increasing function
of the thickness of the solution, this result indicates that the solution thickness becomes gradually
small. The important point here is the solution between the two domain fronts.
The growth ratio for the height in the periodic growth can be defined as the positive slope schemat-
ically depicted in Fig. 15(a). From the panels (b) of Figs. 8 and 14, the growth ratio for height is
estimated as 0.24 in both cases. Then, we conjecture that the growth ratio has less influence on the
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solution thickness for fixed H and T . In crystallization, the thickness of the solution surrounded by
the domain fronts becomes gradually small as the fronts approach each other. This is because the
solution flows to the domain fronts and is crystallized there. These dynamical features bring about
emergence of a self-similar periodic growth as shown in Fig. 15(b). In the self-similar periodic growth,
a peak formation is repeated with different scales depending on the solution thickness. In actuality,
Fig. 14(a) is one example. As another feature, it is noted that the advance and suspension periods
can be synchronized for the two domain fronts approaching each other. Figure 16 shows the case.
This synchronization suggests existence of a non-local interaction between the two domain fronts via
the thin solution film.
Furthermore, it is found that transition from the uniform to the periodic modes occurs in collision
as shown in Fig. 17. Such a transition was frequently observed when (i) humidity for the uniform
growth is relatively high (& 50%) and (ii) the solution region is closed for being surrounded by domain
fronts. Hence, this transition does not occur if the above two conditions are not satisfied. Actually,
Fig. 18 shows the case where the condition (i) is not satisfied: a lower humidity condition (≈ 40 %),
even if the condition (ii) is satisfied. And as shown in Fig. 19, this transition does not occur when
the solution region is open (to the upper right side in this figure), even if the condition (i) is satisfied.
Therefore, it is considered that this dynamical transition occurs when the solution thickness reaches
the threshold as the thickness becomes small by the solution flow in crystallization.
3 A toy model
The essential factor to be considered for this pattern forming system is flow of the thin solution
film with its thickness threshold. However, detailed hydrodynamical properties of the thin solution
film in crystallization seems to be quite difficult to identify. In this paper, we construct a toy model
based on the above experimental results, so that we qualitatively grasp the dynamical properties of
the uniform and the periodic growth modes.
As shown in Fig.20, the two dimensional solution film spreading along the x direction is considered.
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In this model, time and space are discretized by a time step ∆t and by using a staggered grid, where
the unit grid size is ∆x, respectively. Here, we set ∆t = 1 and ∆x = 1. xc shows the growth front
and is assumed to move in the direction of positive x. As the initial condition, crystallization starts
at xc = 0 when t = 0. The regions 0 ≤ x < xc(t) and xc(t) < x correspond to the crystal domain and
the solution film, respectively.
The solution thickness and the domain height are represented by h(x, t) in common. If we consider
only the solution flow j for change of h in time, h satisfies the equation of continuity,
h(x, t+ 1)− h(x, t) =
{
−j
(
x+ 1
2
, t
)
+ j
(
x− 1
2
, t
)
(x ≥ xc(t)),
0 (x < xc(t)).
(1)
The direction of the flow in the present case is always negative (j < 0). When h becomes lower than
the threshold h0 (x ≥ xc(t)), the flow stops (j = 0). At the domain front (x = xc), the flow fc is
caused by the crystallization. It is considered that fc depends on the domain height in contact with
the growth front: h(xc − 1, t). And humidity is considered to increase fc, since the evaporation rate
becomes low and the fluidity of the solution enhances. Now, fc is assumed to be given as
fc = ah(xc − 1, t)θ (h(xc, t)− h0) . (2)
Here a is a humidity-dependent positive parameter, and θ is the step function: θ(x) = 1 (x ≥ 0),
0 (x < 0). The solution flow j is induced by fc, where x > xc. It is considered that j(x + 1/2)
has a monotonically increasing dependence on h(x) and becomes gradually decreasing as the distance
between x and xc becomes large. Now, we simply assume the flow j as
j
(
x+
1
2
, t
)
=
{
−fc (x = xc),
−h(x, t) exp (−γ(x− xc)) fc (x > xc),
(3)
where γ is a positive constant. For the motion of growth front xc(t), its speed in the advance period,
va, is assumed to be almost constant based on our experimental results. And the front comes into
the suspension period when h(xc) ≤ h0. During the suspension period, the film thickness becomes so
small that the growth speed is quite slow as shown in Fig. 7. And the growth front gradually moves
to the region where the film thickness is bigger than the threshold. Here, the time for the suspension
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period is represented by τs. Taking the discreteness of this model into account, the motion of the
growth front can be described by using the floor function as
xc(t) =
⌊
t∑
t′=0
{
vaθ
′ + τ−1s
(
1− θ′
)}⌋
, (4)
where θ′ = θ (h(xc(t
′), t′)− h0), and ⌊x⌋ is the floor function which gives the maximum integer smaller
than x.
For numerically solving eqs.(1)-(4), we set the system size as xc(0) = 0 ≤ x ≤ xb. The results
shown here are the cases where va = 0.02, τ
−1
s = 0.01, h0 = 0.3, and xb = 100. As the initial condition,
h(x, 0) = 1 for x < xb. And we set h(xb, t) = 0 for the boundary condition. Figure 21 shows the
height profiles after xc reaches xb for different values of a. The panels (a) and (b) correspond to the
uniform and the periodic growth modes, respectively. It is found from Fig. 22 that this model is
able to reproduce the self-similar peak formation (see Figs. 14 and 15 for reference). Furthermore,
threshold-sensitive transition from the uniform to the periodic growth modes is reproducible as shown
in Fig. 23 (see Fig. 17 for reference).
4 Discussion
4.1 Metastability and humidity dependence of the solution
When the supersaturated solution without a crystal domain was set in H ≈ 0 (less than 5%),
crystal growth did not occur over two weeks. Here the zero humidity environment was realized by
putting a large amount of silica gel together in a closed box. This metastable property of the solution
is consistent with the report by Gunn[9]. Furthermore, we found that the crystal domain started to
grow when the solution was put in a humidity between 10 % and 70 % even after the two weeks. And
the domain growth stopped when we set H ≈ 0 again.
From these observations, the following features about humidity dependence of the supersaturated
solution are suggested. (i) In the “glassy” solution under the zero humidity condition, ascorbic acid is
immovable, and then the crystal growth stops or does not occur. (ii) Rise in H brings about increase
of water content in the solution film, and also decline of water evaporation rate in crystallization. (iii)
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Increase of water content in the solution film enhances the mobility of ascorbic acid, and the crystal-
lization becomes possible. (iv) Decline of water evaporation rate causes fluidization of the solution
near the growth front. The fluidization also enhances the mobility of ascorbic acid. According to the
report by Ito et al.[16], monocrystal was formed in a high humidity case (∼ 80 %). This is because the
solution released in crystallization remains around the domain front and fluidizes the supersaturated
solution. Then, fluidity of the solution around the domain becomes high, and crystallization occurs
only at a nucleation point instead of spreading of the crystal domain.
4.2 Flow of residual solution in a high humidity condition
Figure 24 shows a time sequence of the crystal growth and the flow of the residual solution released
from the crystal domain. This sequence shows the beginning of the advance period in the periodic
growth mode. In the panel (1), the crystal grows at the point “∗”. Former crystallization brings about
emergence of the region A in which the solution does not exist. The black arrows in each panel point
at the boundary of the regions whether the solution exists or not. As time proceeds, the boundaries
move so that the region A shrinks, since the released solution in crystallization spreads over the region
A. As an evidence for the fact that there is no solution in the region A, crystal growth does not occur
from the side pointed by N shown in the panels (1)-(4). In the panel (5), however, the crystal grows
from the inside of the domain. And the solution released by crystallization flows out in the region A
as shown in the panel (6).
On the other hand, Fig. 25 shows a time sequence of the solution flow directed to the domain
front, so that the solution was absorbed in the domain. These snapshots show the case just before
the suspension period. The black arrows in the panels (1)-(3) indicate the direction of the solution
flow. And the black dotted curves in the panels (3)-(6) show the interface between the solution and
the air. As time proceeds, the interface moves inside the domain. Therefore, it is found that there
exist some spacings between the crystals in the domain, and that the solution remains in the spacings.
Due to existence of the residual solution, the crystal growth can occur irregularly from the inside of
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the domain as shown in the panels (5) and (6) of Fig. 24. Note that the irregularity shown in Fig.
5 is the same. In the region B between the domain front and the white dotted curve, the solution
does not exist. This is because the supersaturated solution in the region B is dissolved by the residual
solution and is totally absorbed in the spacings. This absorption seems to be caused by capillary force
as pointed out by Uesaka. These features can be remarkably observed in not only the branching mode,
but also the periodic mode in a relatively high humidity (≈ 70 %).
4.3 Relevance to the previous studies
Our present scenario is essentially different from that by Uesaka et al. In their conclusion, the
dynamical transition between the uniform and the periodic modes depends on whether the local
fluidization of the supersaturated solution film occurs or not. However, our observation reveals that
the fluidized region is formed in both modes. Therefore, formation of the fluidized region is not the
essential factor for the dynamical transition. The thickness threshold of the solution film is essential.
Moreover in their scenario, the local dynamics in the vicinity of the growth front was focused on.
Actually they constructed a phase field model with reaction-diffusion type dynamics at the growth
front [14]. In their model, state change of ascorbic acid and formation of spacings between crystals were
considered. However, it is suggested from our observation that there exists the non-local interaction
coupled with domain growth motion. Then in our model, the dynamics of the solution flow is mainly
focused on.
Regarding hydrodynamics of thin liquid film, many experimental and theoretical studies have
been carried out [19, 20, 21, 22, 23]. This pattern forming phenomenon can be considered as viscous
fingering with variable thickness and the threshold. And the dynamical properties in this system
seems to be related to that in drying water film [24, 25] and to the ring-banded spherulites grown
from the thin film polymeric solution [7, 8].
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5 Summary and conclusion
The dynamical properties and the humidity dependences of the uniform and the periodic growth
modes of ascorbic acid crystal domain from thin solution film are summarized as follows.
Fluidity of the solution film: Flow of the supersaturated solution is caused by crystallization in
the direction to the domain front. Especially in the periodic growth, the flow stops in accordance with
the stop of the crystal growth. The solution flow decreases the film thickness. The two characteristic
solution regions can be formed in the vicinity of the domain front: (1) the local high fluidity region
and (2) the region having smaller thickness. These regions can be observed in both the uniform and
the periodic growth modes.
Humidity dependence: In the zero humidity condition, the crystal growth does not occur or stops.
In the case of 50 % . H . 75 %, the front speed becomes almost constant regardless of the growth
modes. When H & 70 %, it is remarkable that the solution released in crystallization remains in
front of the domain front. The residual solution exhibits the bidirectional flows and brings about
irregularity in the periodic growth.
Thickness of the solution film: As the thickness of the solution film becomes small, the front speed
becomes low. This brings about a thickness threshold for the domain growth. The threshold causes a
dynamical transition from the uniform to the periodic modes. The growth ratio for the domain height
is independent of the film thickness. Then, by considering the threshold together, the pitch of the rings
in the periodic growth depends on the film thickness, and a self-similar periodic growth is realized. In
the periodic growth during collision of domain fronts, the fronts motions can be synchronized.
In conclusion, we have reported the dynamical properties and humidity dependence of the domain
front motion and the solution flow in crystallization of ascorbic acid crystal from its thin solution film.
The crystal growth involves the solution flow. Humidity enhances the fluidity of the solution due to
the lowering of the evaporation rate. There exists the threshold for thickness of the solution film.
Below the threshold, the crystal growth almost stops. As a result, the threshold-sensitive transition
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from the uniform to the periodic growth modes is realized.
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Figure 1: Variation of domain patterns formed by change of the growth modes in gradual increase of
humidity (ρ = 0.5 mg/cm2, T = 28 ◦C). The black arrow shows the growth direction.
Figure 2: Morphology diagram reprinted from Ref.[18] (ρ ≈ 1.0 mg/cm2) A: coexistence, B: uniform,
C: periodic, and D: branching.
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(a) (b)
Figure 3: Domain front motion in the uniform growth (H = 50 %, ρ = 0.5 mg/cm2, T = 27 ◦C).
(a) (b)
Figure 4: Domain front motion in the periodic growth (H = 65 %, ρ = 0.5 mg/cm2, T = 27 ◦C).
(a) (b)
Figure 5: Domain front motion in the branching growth (H = 75 %, ρ = 0.5 mg/cm2, T = 27 ◦C).
16
(a) (b)
Figure 6: Domain front motion in the periodic growth (H = 65 %, ρ = 0.2 mg/cm2, T = 25 ◦C). The
filled and open circles show the beginning of the suspension and the advance periods, respectively.
(a) (b)
Figure 7: Dense branching morphology formation (H = 35 %, ρ is less than 0.1 mg/cm2, T = 27 ◦C)
.
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(a) (b)
Figure 8: (a) A typical concentric pattern by the periodic growth (H = 65 %, ρ = 1.5 mg/cm2, T =
30◦C). (b) The height profile along the dotted line in (a).
Figure 9: The dark ring region pointed by the white arrow shows no crystals. The black arrows show
the direction of crystallization after the formation of the ring region (H = 60 %, ρ = 0.5 mg/cm2,
T = 27◦C).
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(a) (b)
Figure 10: Bead and domain front motion in the uniform growth (H = 30 %, ρ = 0.5 mg/cm2, T =
25 ◦C). The white arrows in (a) point at the bead position.
(a) (b)
Figure 11: Bead and domain front motion in the periodic growth (H = 65 %, ρ = 0.5 mg/cm2, T =
25 ◦C). The white arrows in (a) point at the bead position.
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Figure 12: Threshold-sensitive bead motion in the uniform growth (H = 50 %, ρ = 0.5 mg/cm2, T =
25 ◦C). The white arrows in (a) point at the bead position.
Figure 13: Threshold-sensitive bead motion in the periodic growth (H = 65 %, ρ = 0.5 mg/cm2, T =
25 ◦C). The white arrows in (a) point at the bead position.
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(a) (b)
Figure 14: Collision of two domains in the periodic growth mode (H = 65 %, ρ = 1.5 mg/cm2, T =
30 ◦C).
(a) (b)
Figure 15: (a) Definition of growth ratio for the crystal height. (b) Self-similar periodic growth.
(a) (b)
Figure 16: Collision of two domains (H = 50 %, ρ = 0.5 mg/cm2, T = 27 ◦C). Pitch of periodicity for
each domain is represented by △ and N. The symbol ∗ in (b) shows the suspension period.
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(a) (b)
Figure 17: Threshold-sensitive transition from the uniform to the periodic growth modes (H = 50 %,
ρ = 0.5 mg/cm2, T = 30 ◦C).
Figure 18: Collision of three domains (H = 40 %, ρ = 1.0 mg/cm2, T = 30 ◦C). In this case, the
threshold-sensitive transition does not occur due to the low humidity.
(a) (b)
Figure 19: Collision of two domains (H = 50 %, ρ = 0.5 mg/cm2, T = 30 ◦C). In this case, the
threshold-sensitive transition does not occur since the solution is not surrounded by the domain fronts.
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Figure 20: The setup for the toy model.
(a) (b)
Figure 21: The height profiles after time evolution by the model until xc = xb. γ = 0.05. a = (a)
0.005 and (b) 0.015. The red broken line shows the threshold h0.
Figure 22: The self-similar peak formation obtained by the model. γ = 0.005 and a = 0.018. The red
broken line shows the threshold h0.
Figure 23: The threshold-sensitive dynamical transition from the uniform to the periodic growth
modes. γ = 0.05 and a = 0.014. The red broken line shows the threshold h0.
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Figure 24: Flow of the residual solution at the beginning of the advance period. 100 µm × 100 µm
(H = 75 %, ρ = 0.5 mg/cm2, T = 27 ◦C). Time interval is 2/3 secs.
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Figure 25: Flow of the residual solution just before the suspension period. 100 µm × 100 µm (H =
75 %, ρ = 0.5 mg/cm2, T = 27 ◦C). Time interval is 2/3 secs.
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